4 

i 



I 




Europaisches Patentamt 

European Patent Office 

Off ic europeen des brevets 



© Publication number: 



0 551 080 A2 



® 



® Application number: 93100051.7 
@ Date of filing: 05.01.93 



EUROPEAN PATENT APPLICATION 

(£) Int. Ci.5:G06F 1/26 



@ Priority: 07.01.92 JP 887/92 


© 


Applicant: MITSUBISHI DENKI KABUSHIKI 




KAISHA 


@ Date of publication of application: 




2-3, Marunouchi 2-chome Chiyoda-ku 


14.07.93 Bulletin 93/28 




Tokyo lOO(JP) 


® Designated Contracting States: 


® 


Inventor: Ishikawa, Hiroaki, c/o Mitsubishi 


DE FR GB 




DenkI K.K. 






Computer Seisakusho, 325 Kamimachiya 






Kamakura-shi, Kanagawa 247(JP) 




0 


Representative: Pfenning, Meinig & Partner 






Mozartstrasse 17 






W-8000 Munchen 2 (DE) 



® Electronic device using different power sources. 
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® in an electronic device which can be energized 
from one of a plurality of types of power sources, 
having an external power source connector for con- 
nection with an external power source, a power 
source identifying circuit identifies the power source 
from which the electronic device is energized, and a 
control circuit controls consumption of the power in 
accordance with the power source identified by the 
power source identifying means. The identification of 
the power source is made in accordance with the 
voltage on the connector. Additionally, the sum of 
the voltage on the connector and the voltage of the 
built-in battery may be used for the identification. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an electronic 
device which can be energized from one of a 
plurality of power sources, including a battery or 
the like built in it and an external power source, 
such as an AC adapter, and an external battery, 
and in particular to an electronic device capable of 
detecting a voltage input through a power source 
connector and finding which of the AC adapter, 
external battery and the like is being connected, 
and controlling consumption of power depending 
on which power sources the electronic device is 
being energized. 

Fig. 6 is a perspective view from the rear side 
of a notebook-type personal connputer in the prior 
art. The personal computer comprises a main unit 
20. provided with a dedicated DC-IN (AC adapter) 
connector 21 . and a dedicated external battery 
connector terminal 22. For connection with an AC 
adapter, the DC-IN connector 21 is used, while for 
connection with an external battery, the external 
battery connector 22 is used. 

Fig. 7 is a block diagram showing a power 
supply circuit in the prior art. which is shown for 
example in Japanese Patent Kokoku Publication 
No. 16625/1981, for energizing an electronic de- 
vice, in particular an electronic device main circuit 
78. A connector 71 is provided on the electronic 
device for connection with an external power 
source, such as an AC adapter, an external battery 
or a car battery, via a plug, not shown, connected 
to the external power source. 

The connector 71 has terminals 71a, 71b, 71c 
and 71d- A switch 77 is opened when a magnetic 
relay 76 is energized. On the basis of the state of 
connection of the four terminals 71a, 71b, 71c and 
71 d. or the state of power source, a power source 
switch 75, a selecting switch 73, a switch 77 are 
controlled, so as to energize the electronic device 
main circuit 78 from the externally connected pow- 
er source and to charge a built-in battery 74 when 
the AC adapter is connected. 

The electronic device shown in Fig. 6 is pro- 
vided with separate connectors for the AC adapter 
input and external battery input, so that the area 
required for providing the connectors and the num- 
ber of parts are both considerable. 

With the power source device shown in Fig. 7, 
the connector can be shared, but the number of 
terminals used in the connector is increased, and it 
is necessary to detect connection of each of the 
terminals, and the state of each of switches. The 
circuit for such detection is complex. 

Techniques for sharing a connector is also 
shown in Japanese Utility Model Kokai Publications 
No. 121344/1981, No. 141590/1983. No. 
70998/1985. No. 90782/1985, and No. 



185235/1986. However, these publications do not 
disclose identifying the type of the power source 
connected to the common connector, and control- 
ling the internal processing depending on the result 
5 of the identification. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an 
10 electronic device in which a power source connec- 
tor is shared, and the common power source con- 
nector can be connected to any of various power 
source options including an AC adapter, an exter- 
nal battery and a car battery, and which can iden- 
75 tify the type of the power source that is connected 
to the terminal and which controls the internal 
processing depending on the result of the iden- 
tification. 

An electronic device according to the present 
20 invention comprises: 

(a) an external power source connector for con- 
nection with an externa! power source; 

(b) a power source identifying means for iden- 
tifying the power source from which the elec- 

25 tronic device is energized; and 

(c) a control means for controlling consumption 
of the power in accordance with the power 
source identified by the power source identifying 
means. 

30 Since the power source connector is shared 

and can be connected with various types of power 
sources including an AC adapter, an external bat- 
tery and a car battery, the area required for provid- 
ing the connector is reduced, and the number of 

35 parts forming the connector is also reduced. 

Since the voltage identifying means identifies 
the type of the power source from which the elec- 
tronic device is energized, and the consumption of 
power can be appropriately controlled depending 

40 on the type of the power source from which the 
electronic device is being energized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 Fig. 1 is a block diagram showing an embodi- 

ment of an electronic device according to the 
present invention. 

Fig. 2 is a block diagram for explaining the 
operation of the electronic device according to the 
50 invention. 

Fig. 3A is a flowchart showing the operation of 
a microcomputer of the embodiment of Fig. 1 . 

Fig. 3B is a table showing the voltage on the 
terminal la for each of the power sources used for 
55 energizing the personal computer. 

Fig. 4 is a block diagram showing the operation 
- of another embodiment of electronic device accord- 
ing to the invention. 
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Fig. 4A to Fig. 4D are schematic diagrams 
showing plugs of the external power sources used 
in conjunction with the electronic device of Fig. 4. 

Fig. 5A is a flowchart showing the operation of 
a microcomputer in the embodiment of Fig. 4. 

Fig. 5B is a table showing the adapter type 
signal for each of the power sources used for 
energizing the personal computer. 

Fig. 5C is a diagram showing the characteris- 
tics of the sum voltages as output from the adding 
circuit. 

Fig. 6 is a diagram showing power source 
connectors in a conventional notebook-type per- 
sonal computer. 

Fig. 7 is a diagram showing the circuit in the 
conventional power source device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

Fig. 1 is a block diagram showing a notebook- 
type personal computer 18. which is an example of 
electronic device according to the present inven- 
tion. The illustrated personal computer 18 com- 
prises a main unit 20 having a built-in battery 5, 
and a power source connector 1 provided on the 
rear wall of the housing of the main unit 20. The 
power source connector 1 comprises terminals la 
and 1b. These terminals are connected to a ground 
terminal and an output terminal of an external pow- 
er source, via a plug of the external power source, 
which is connected to the connector 1, The per- 
sonal computer 18 also comprises a microcom- 
puter 2 which performs control over the entire 
personal computer, and in particular, control over 
the consumption of power, e.g.. charging or non- 
charging of the built-in battery 5, depending on 
what type of power source is being used for en- 
ergizing the personal computer 18. A one-chip 
microcomputer M37451 (made by Mitsubishi Denki 
Kabushikl Kaisha (also known as Mitsubishi Electric 
Corporation)) may be used as this microcomputer 
2. An A/D (analog-to-digital) converter 3 is provided 
in the microcomputer 2. The built-in battery 5 has 
battery terminals 5a and 5b by which the battery 5 
is connected to a DC/DC converter 4. 

Shown outside the main unit 20 are an AC 
adapter 100. a iarge-capacity AC adapter 110. an 
external battery 120, and a car battery 130. 

In use of the personal computer 20. one of 
them, or some other external source which is not 
illustrated, can be connected to the power source 
connector 1 , or none of them may be connected, in 
which case the computer 20 is energized from the 
built-in battery 5. 



When an AC adapter 100 is connected, the 
built-in battery 5 can be charged if the main unit is 
In a" power-save state or in a power-off state. When 
a large-capacity AC adapter 110 is connected, the 
5 built-in battery 5 can be charged regardless of the 
state of the main unit. When an external battery 
120 or a car battery 130 is connected, the built-in 
battery 5 is not charged. 

The control over the power consumption is 
10 made in the following manner. The microcomputer 
2 monitors the voltage of the built-in battery 5. and 
the voltage on the terminal 1a of the power source 
connector 1 , and identifies the type of the power 
source which is being used for energizing the per- 
75 sonal computer 18. That is, the microcomputer 2 
finds what type of the external power source is 
connected to the connector 1 , or none is connected 
to the connector 1 and the built-in battery 5 is used 
for the energization. On the basis of the result of 
20 the identification, the microcomputer 2 controls the 
power consumption, e.g., whether to conduct 
charging of the built-in battery 5. 

Fig. 2 shows details of the DC/DC converter 4 
and the microcomputer 2. 
25 The illustrated DC/DC converter 4 comprises a 

power source stabilizing/battery charging circuit 4a, 
a buffer amplifier 4b receiving the power from the 
power source connector 1 and amplifying the cur- 
rent while maintaining the voltage, and a buffer 
30 amplifier 4c receiving the power from the built-in 
battery 5 and amplifying the current while maintain- 
ing the voltage. 

Fig. 3A is a flowchart showing the operation of 
the circuit of Fig. 2 when the main unit is in the 
35 power-save state or in the power-off state. At step 
81, the A/D converter 3 reads the voltage on the 
power source connector 1, and A/D-converts 
(digitizes) it, and measures or detects the voltage. 
At step S2, the type of the power source is 
40 identified on the basis of the detected voltage. For 
instance, when an AC adapter 100 or a iarge- 
capacity AC adapter 110 is connected, the voltage 
on the power source connector 1 will be about 16 
V. When an external battery 120 is connected, the 
45 voltage on the power source connector 1 is about 8 
to 9.6 V. When a car battery 130 is indicated, the 
voltage on the terminal 1 is 12 V. Because of the 
differences between the voltages of the respective 
types of power sources, the type of the power 
50 source that is actually connected to the connector 
1 can be identified. 

At step S3, the battery input voltage from the 
built-in battery 5 is detected by the A/D converter 
3, and on the basis of this voltage, judgement is 
55 made at step S4 as to whether or not the remaining 
charge in the built-in battery 5 large. If it is found 
that the remaining charge of the battery is small, 
judgement is then made at step S5 as to whether 
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or not the connected power source is one of an AC 
adapter 100 and a large-capacity AC adapter 110. 
If the answer is affirmative, an instruction is given 
at step S6 to charge the built-in battery 5 is sup- 
plied from the one-chip microcomputer 2 to the 5 
battery charging circuit 4a in the DC/DC converter 
4. 

If it is found at step S4 that the remaining 
charge in the built-in battery 5 is large, the charg- 
ing of the battery is not conducted. If it is judged at io 
step S4 that something other than an AC adapter 
100 and a large-capacity AC adapter 110, that is, 
an external battery 120. a car battery 130 or the 
like is connected, no instruction to charge the built- 
in battery 5 is output. It is thus ensured that when 75 
the personal computer 18 is energized from the 
type of power source which does not have suffi- 
cient current capacity, consumption of power is 
reduced, in other words the personal computer 18 
is made to operate in a reduced-power consump- 20 
tion mode. i.e.. in a mode in which the charging of 
the built-in battery 5 is inhibited. 

In the above embodiment, judgement is made 
on which of the AC adapter, the large-capacity AC 
adapter, the external battery and the like is con- 25 
nected to the power source connector, by inputting 
the voltage on the power source connector to the 
A/D converter in the microcomputer 2 in the per- 
sonal computer 18, and A/D-converting the input 
voltage, and further processing is made under con- 30 
troi of the microcomputer 2. tn the example de- 
scribed, when an AC adapter 100 or the large- 
capacity AC adapter 110 is connected, the built-in 
battery 5 Is charged, and when an external battery 
120 is connected, charging of the built-in battery 5 35 
is not conducted to save power of the external 
battery 120. 

Embodiment 2 

40 

Another embodiment of an electronic device 
according to the invention will next be described 
with reference to Fig. 4. Fig. 4A to Fig. 4D, and Fig. 
5A to Fig. 5C. Embodiment 2 differs from Embodi- 
ment 1 in that the connector 1 used in Embodiment 45 
2 has three terminals 1a, lb and 1c. The terminals 
la and lb are similar to the terminal la and lb of 
the connector of Embodiment l. The terminal 1c is 
for inputting an externa! power source type signal 
ST indicating the type of the adapter. The power 50 
source type signal ST is supplied from the external 
power source with pjugs configured as shown in 
Fig. 4A to Fig. 4D. The plugs 101. 111, 121 and 
131 each have three terminals la', lb' and 1c' 
which are contacted with the terminals la, lb and 55 
1c of the connector 1 when the plug is inserted in 
the connector 1. The terminal la* of each of the 
plugs is connected to the positive output terminal 
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of the external power source, while the terminal lb' 
of each of the plugs is connected to the negative 
output terminal, i.e.. the ground terminal (6ND) of 
the external power source. The terminal 1c' of the 
plug 101 is open or floating. The terminal 1c' of 
each of other plugs 111, 121 and 131 is connected 
to the terminal 1b'. As a result. OV is applied to the 
terminal 1c when an AC adapter 100 is connected, 
and 16V is applied to the terminal 1c when a large- 
capacity AC adapter 110 is connected. When an 
external battery 120 or a car battery 130 is con- 
nected, the voltage of the battery is applied to the 
terminal 1c. When the device is operating on, i.e., 
energized from the built-in battery, nothing is con- 
nected to the connector so that the input to the 
terminal 1c is OV. 

The DC/DC converter 4 of this embodiment 
comprises an external DC voltage/battery voltage 
adding circuit 4d. which adds th^ voltage from the 
terminal la and the voltage from the terminal 5a. 
and converts the sum into a voltage which is within 
the range processible by the A/D converter 3. For 
instance, if the A/D converter 3 is capable of con- 
verting a voltage within a range of from 0 to 5 V, 
and the maximum of the sum of the external DC 
voltage and the battery voltage as determined by 
the external DC voltage/battery voltage adding cir- 
cuit 4d is 20 V, the 20 V voltage cannot be prop- 
erly processed by the A/D converter 3, so the sum 
is divided by 4 ( = 20/5) and a voltage within a 
range up to 5 V is applied to the A/D converter 3. 

The operation of the microcomputer of this 
Embodiment will now be described with reference 
to Fig. 5 A. 

At step 810, the output of the external DC 
voitage/battery voltage adding circuit 4d is input to 
the A/D converter 3, and a corresponding digital 
signal indicating the output of the adding circuit 4d 
is stored in a memory, not shown, in the micro- 
computer 2. At step S11, the input voltage of the 
power source type signal from the terminal 1c is 
input and A/D-converted. On the basis of these two 
voltages, the type of the power source is identified 
by referring to the Table shown in Fig. 5B. As 
shown in Fig. 5B. the power source type signal ST 
indicates different voltages depending on the pow- 
er source. However, in the case of an AC adapter 
and a built-in battery, the power source type signal 
ST is 0 V, so they cannot be discriminated or 
distinguished from each other when the identifica- 
tion is based on the power source type signal ST 
alone. However, according to this embodiment, the 
sum of the voltage on the terminal la and the 
voltage of the built-in battery 5 is determined, and 
this sum is also used for the identification. That is. 
when an AC adapter is connected, the voltage on 
the terminal la is about 16 V, while the voltage of 
the built-in battery is about 9.6 V. so the sum is 
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about 25.6 V. On the other hand, when no AC 
adapter is connected, the output of adding circuit 
4d indicates about 9.6 V. Since the voltage of the 
built-in battery varies with the remaining charge of 
the battery, illustrated in Fig. 5C, the discrimination 
as to whether or not an AC adapter is connected 
must be made taking account of the variation. More 
specifically, the voltage of the built-in battery 5 
varies with discharge as indicated by curve 51 in 
Fig. 5C. whereas the above-mentioned sum varies 
with discharge of the built-in battery 5 as indicated 
by curve 52 in Fig. 5C. The threshold used for the 
discrimination is set between the two curves 51 
and 52. The above-mentioned sum used for the 
discrimination is read at step S10. 

By using the above-mentioned sum for the 
discrimination between the case where an AC 
adapter is connected, and a case where no exter- 
nal power source is connected, even when the 
power source type signal is 0 V in either of the 
cases, discrimination between the two cases can 
be made, and identification of the type of the 
power source connected can be made whatever 
power source is connected or none is connected. 

At step SI 3. on the basis of the result of 
identification obtained at step S12, a threshold val- 
ue for testing the remaining charge of the built-in 
battery 5 is obtained. This threshold value differs 
depending on the power source from which the 
personal computer is energized. For instance, 
when an AC adapter 100 and a built-in battery 5 
are both connected, the threshold value is set for 
example at 532 below which the above-mentioned 
sum falls when the remaining charge of the buiit-in 
battery 5 becomes small. When the built-in battery 
alone is connected, the threshold value is set for 
example at 531 below which the voltage of the 
builtrin battery 5 (equal to the above-mentioned 
sum) falls when the remaining charge of the built-in 
battery 5 becomes small. Then at step S14, judge- 
ment is made on whether or not the output of the 
external DC voltage/battery voltage adding circuit 
4d exceeds the threshold 532 or 531, and if the 
output of the external DC voltage/battery voltage 
adding circuit 4d is found to be smaller than the 
threshold value, the remaining charge in the built-in 
battery 5 is found to be small. The process then 
proceeds to step S15, where judgement is made 
whether the large-capacity AC adapter 110 is con- 
nected. If the answer is affirmative, the process 
proceeds to step S17, where an instruction is out- 
put to Charge the built-in battery 5. If at step Si 5, it 
is found that the large-capacity AC adapter 110 is 
not connected, the process then proceeds to step 
S16 where judgement is made as to whether or not 
an AC adapter is connected, if the answer is affir- 
mative, the process proceeds to step Si 8, where 
judgement is made as to whether or not the main 



unit is in one of the power-save state and the 
power-off state. If the answer is affirmative, the 
process proceeds to step S17, where aninstruction 
is output to charge the built-in battery 5. If the 
5 answer is negative at step Si 4, step Si 6. or step 
SI 8 no instruction to charge the built-in battery 5 is 
output- 

The operation of the Embodiment 2 can be 
summarized as follows: 
10 (1) When an AC adapter 100 is used. 

The power source type signal ST is 0 V, 
and the built-in battery 5 can be charged if the 
personal computer 18 is in a power-save state 
or in a power-off state. 
75 (2) When a large-capacity AC adapter 110 is 

used. 

The power source type signal ST is a DC 
voltage of 16 V. The built-in battery 5 can 
charged regardless of the state of the personal 
20 computer 18. 

(3) When an external battery 120 is used. 

The power source type signal ST is a DC 
voltage of 9.6 V. The buiit-in battery 5 is not 
charged. 

25 (4) When a car battery 130 is used. 

The power source type signal ST is a DC 
voltage of 12 V. The built-in battery 5 is not 
charged. 

(5) When a built-in battery 5 alone is connected. 
30 The power source type signal ST is in an 

open state (0 V). The built-in battery 5 is not 
charged. 

Modifications 

35 

In the Embodiments 1 and 2, an A/D converter 
3 is used to identify the voltage input through the 
power source connector. But the A/D converter is 
only an example, and other means for identifying 

40 the power source can be used instead. 

In the Embodiments 1 and 2. a one-chip micro- 
computer 2 is used as an example of control 
means, and a power source connector 1 is shared 
by a plurality of types of external power sources, 

45 SO the option for identifying the power source and 
for controlling the power consumption is imple- 
mented by a software of the microcomputer. But 
other hardware circuits or other programs may be 
used to control consumption of the power supplied 

50 through the power source connector. 

In the Embodiments 1 and 2, the A/D converter 
is built in a one-chip microcomputer. The A/D con- 
verter and the one-chip microcomputer may be 
formed of separate circuits. 

55 In the Embodiments 1 and 2, the electronic 

device is a notebook-type personal computer. The 
invention is applicable to other electronic devices, 
such as other types of computers, dedicated word 
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processors, electronic type writers, and audio and 
video devices. 

In the above embodiments, control over charg- 
ing of a buiit-in battery is made depending on the 
type of the power source externally connected. The 
control means may alternatively be adapted to vary 
the brightness of a display device, to control the 
supply of power to floppy-disk drives, or to control 
the power consumption in some other way, de- 
pending on the type of the externally connected 
power source. 



5. An electronic device as set forth in claim 3, 
wherein said power source identifying means 
detects the voltage on the external power 
source connector, detects the voltage of the 
buitt-in battery, determines the sum of the volt- 
age on the external power source connector 
and the voltage of the built-in battery, and 
identifies the power source in accordance with 
the detected voltage on the external power 
source connector and said sum. 



Advantages 

As has been described, according to the inven- 
tion, the number of parts, such as connectors, can 
be reduced, and yet identification of the type of the 
power source from which the electronic device is 
energized can be achieved. 

In the prior-art notebook-type personal com- 
puter, separate connectors are provided for the AC 
adapter, and the external battery. In the invention, 
only a single common connector is required, so 
that the number of parts can be reduced. More- 
over, a new option, e.g.. an adapter for taking a 
power source through a cigarette terminal of a car, 
can be developed without changing the hardware- 



Claims 

30 

1, An electronic device which can be energized 
from one of a plurality of types of power sour- 
ces, comprising: 

(a) an external power source connector for 
connection with an external power source; 35 

(b) a power source identifying means for 
identifying the power source from which the 
electronic device is energized: and 

(c) a control means for controlling consump- 
tion of the power in accordance with the 4o 
power source identified by the power 
source identifying means. 



2. An electronic device as set forth in claim 1, 
wherein said power source identifying means 45 
detects the voltage on the external power 
source connector, and identifies the power 
source in accordance with the detected volt- 
age. 

50 

3. An electronic device as set forth in claim 1, 
wherein one of said types of power sources is 
a built-in battery. 

4. An electronic device as set forth in claim 3, 55 
wherein said control means controls charging 

of the built-in battery. 
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FIG. 4A 
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® In an electronic device which can be energized 
fronn one of a plurality of types of power sources, 
having an external power source connector for con- 
nection with an external power source, a power 
source identifying circuit identifies the power source 
from which the electronic device is energized, and a 
control circuit controls consumption of the power in 
accordance with the power source identified by the 
power source identifying means. The identification of 
the power source is made in accordance with the 
voltage on the connector. Additionally, the sum of 
the voltage on the connector and the voltage of the 
built-in battery may be used for the identification. 
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